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Temendous developments of novel ultrafast light 
sources based on High Harmonic Generation (HHG) 
or Free-Electron-Lasers (FELs) in the last decade 
have opened up new experimental regimes in the vac-
uum-ultraviolet (VUV), extreme-ultraviolet (XUV) 
down to X-ray spectral regions. Especially, the unique 
combination of coherent intense radiation with short 
pulse duration holds very promising perspectives for 
time-resolved molecular movies by obtaining infor-
mation on molecular structure and function on atomic 
length scale with time resolution down to the attosec-
ond domain. An understanding of the way how an 
intense X-ray light interacts with matter is of funda-
mental importance for studies of molecular structure 
and dynamics. Therefore this research topic is actively 
pursued by theoretical and experimental work within 
the photon science community.   
The main objective of the Extreme Light Infra-
structure – ELI-Beamlines project – in Dolní Břežany 
near Prague, Czech Republic is to establish an inter-
national user facility for fundamental and applied re-
search with advanced laser sources. The research 
group for applications in molecular, biomedical, and 
material sciences works on the development of exper-
imental capabilities using secondary sources that are 
driven by the unique ELI-Beamlines lasers. A central 
activity is the development of the multi-purpose user 
end-station (MAC) for experiments in atomic, molec-
ular, and optical sciences and coherent diffractive 
imaging. The MAC user end-station is equipped with 
electron/ion time-of-flight spectrometers, Velocity 
Map Imaging detector, a detector for coherent diffrac-
tive imaging and state-of-the-art sample delivery sys-
tems to enable advanced photon science experiments 
on low density targets (atoms, molecules, clusters, 
nanometer size single intact free of substrate organic 
and inorganic particles and crystals, vacuum compati-
ble tens of nanometers to a few micrometers thick 
liquid sheets formed with gas and by colliding jets 
technique, cylindrical GDVN jets and aerosols) in a 
broad range of the electromagnetic spectrum from 
THz to (soft) X-rays. 
The THz-field driven streaking is a novel experi-
mental technique to study the electronic response of 
many-electron systems to irradiation with intense ul-
tra-short (soft) X-rays pulses [1]. The effect of light-
field streaking can be understood as an additional 
momentum acquired by the free electrons in the pres-
ence of a dressing electric field [2]. By changing the 
time-delay between the ionizing XUV pulse with re-
spect to the streaking field and measuring the electron 
kinetic energy spectra, a streaking spectrogram is ob-
tained. In the streaking experiment half of the oscilla-
tion period of the streaking field has to be shorter than 
the temporal width of the electron distribution [2]. 
Therefore, to resolve the electron dynamics that is 
initiated by the femtosecond (soft) X-ray pulse, a 
THz-field is used [1]. 
 
 
Fig. 1. (a) Principle of the THz-field driven streak-camera 
measurement. THz and XUV/(soft) X-ray pulses are collin-
early overlapped and focused in the interaction region on 
atomic, molecular or nano-particle target. A series of photo-
electron spectra, a so called streaking spectrogram, is meas-
ured with an electron-spectrometer as a function of relative 
time-delay between THz and XUV pulses. (b) THz-
streaking spectrogram recorded in Xe-Ar clusters at Free-
Electron-Laser (FEL) in Hamburg, FLASH. An observation 
of an un-modulated peak (marked as CED) clearly discloses 
an electron emission delayed by at least several picoseconds 
after ionization of Xe-Ar clusters with intense FEL pulses. 
Data are reproduced from [3].  
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 Figure 1 (a) shows the typical experimental ge-
ometry of a THz-streaking experiment [1, 3, 4]. Fig-
ure 1 (b) shows an example of a streaking spectro-
gram recorded upon ionization of Xe-Ar clusters with 
intense FEL pulses (92 eV photon energy) [3]. In this 
experiment THz radiation is produced in the THz-
undulator by the same electron bunch that is used to 
produce XUV pulse [1].   Note that electrons released 
from the 4d orbital of Xe show typical oscillatory 
behavior due to the shift in electron momentum in-
duced by the instantaneous THz-field at the instance 
of the electron emission (Figure 1 (b)). Electrons 
marked as CED (correlated electronic decay), howev-
er, remain un-streaked, indicating that these electrons 
are emitted long after the THz pulse is terminated (i.e. 
on the time-scale of at least few picoseconds) [3].  
 For experiments at the MAC user end-station 
atomic, molecular, cluster or aerosol nano-particles 
will be available as targets. XUV pulses will be deliv-
ered by the HHG-source to the MAC end-station. 
Two types of THz-sources are planned. The first one 
is based on the optical rectification in a 
LiNbO3crystal. To achieve phase matching condi-
tions a tilted-pulse-front geometry will be used [5, 6]. 
This source typically provides single cycle THz puls-
es in the frequency range between 0.1 and 1 THz. The 
expected maximal THz-field strength in the interac-
tion region is ~10 MV/m [4]. The second source of 
THz radiation is based on difference frequency gener-
ation in an organic crystal [7]. This source provides 
narrow band multi-cycle THz-pulse tunable in the 
frequency range between 4 and 18 THz. Peak electric 
field of 370 MV/m has been achieved [7]. Using the 
same near-infrared laser to drive the HHG process and 
the THz-source will provide XUV and THz-pulses 
that are intrinsically synchronized with sub-cycle ac-
curacy [4]. These developments will enable advanced 
experiments on the structure and dynamics of matter 
using a combination of THz and HHG beams. 
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